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Page 1 , last paragraph of "Siunmary” — change the final sentence to read 
as follows ; 

”It appears that, for airplanes with tall configurations similar to the 
type investigated, a more satisfactory method can be obtained by 
treating separately the contributions of the vertical tail surface, 
the fuselage area above the stabilizer, euid the fuselage area below 
the stabilizer." 

Page 12 , paragraph preceding "Conclusions" — change final, sentence 
beginning "A design method" to read as follows: 

"From consideration of the results obtained in this investigation it 
appears that a design method based on a tail area definition as 
employed in reference 2 woxild tend to overestimate the contribution 
of the vertical tail for airplane tall configurations contributing 
relatively large fuselage area to the total effective tail area." 
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WIND-TUNNEL INVESTIGATION OF THE CONTRIBOTION OF 
A VERTICAL TAIL TO THE DIRECTIONAI. STABIUTY 
OF A FIGHTER -TYPE AIRPLANE 
By Alfred A. Marino and N. Mastrocola ’ 


SU^MARY 

Tests of a -^-scale model of a typical fi^ter-tj-pe airplane 

vere made to Investigate the contribution of a centrally located vertical 
tail to the directional stability. Propeller-removed tests vere made 
■with the stabilizer located in three vertical positions on the fuselage. 
The separate contributions of the tail and the fuselage vere determined 
by means of pressure measurements on the tail and on the fuselage in the 
vicinity of the tail. 

The results of the tests Indicated that the stabilizer, apart from 
its favorable end— plate effect, had a large detrimental effect on the 
contribution of the vertical tail surface to the directional stability. 
This detrimental effect was greatest -with the stabilizer high on the 
fuselage and increased with increasing angle of atta,ck. The contribution 
of the fuselage at smal l angles of attack was supplied mainly by that 
part above the stabilizer. The Impoidance of the contribution of this 
part of the fuselage increased considerably as the stabilizer ■was moved 
down. The contribution of the fuselage below the stabilizer was negli- 
gible at small angles of at-tack; at high angles of attack the contri- 
bution of the fuselage became appreciable when the depth of the fuselage 
below the stabilizer ■was large. 

A comparison of the test results with results predicted by current 
design methods based on the concept of an effective tail area indicates 
that such methods cannot accurately predict the contribution of a 
vertical tall to the directional s-tabllity for all airplane configurations 
and flight conditions. It appears that a more satisfactory method can 
.be obtained by treating separately the contributions of the vertical 
tall surface, the fuselage area above the stabilizer, and the fuselage 
area below the stabilizer. 
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INTRODUCTION 


Tvo widely accepted ciirrent methods for predicting the contribution 
of a vertical tail to the directional stability (references 1 and 2) 
involve tail-area definitions that include part of the lateral area of 
tile fuselage# The two tail-area definitions, however, are not the same, 
and the two methods do not give consistent results. Recent tests 
(reference 3) disclosed a lack of eigreement between e^qjerimental resiilts 
and those results predicted by reference 1 and indicated that the 
vertical tail and fuselage shoiild be considered separately inasmuch as 
sidewash and dynamic -pressure measurements indicated that the loading on 
the after peurt of the fuselage was not changed appreciably by the addlticn 
of the vertical tail. The present investigation of a i-scale model of 

the filter-type airplane tested in reference 3 vas conducted in the 
Langley propeller-research tunnel to determine the separate contributions 
of the fuselage and vertical tail surface to the directional stability 
and to study the applicability of current design methods. Inasmuch as 
all tests were made with propeller removed, the effects of propeller 
slipstream were not considered in this investigation. 

The data were obtained by means of pressure orifices Installed on 
the vertical tail and on the fiiselage in the region of the vertical 
tail; thereby, the separate determination of the loads on the 
tail and fuselage was possible. Pressure measurements on the fvuselage 
were taken with the vertical tail both on and off so that the load 
induced by the vertical tall could be determined. Three vertical 
positions of the stabilizer on the fxiselage were Investigated. The 
tests were made for a range of angle of yaw from 0° to 25 ° and a range 
of angle of attack from 0° to 15 ° • 


SYMBOLS 


A geometric aspect ratio 

A^ effective aspect ratio 

lift coefficient 

Cjj yawing-mcment coefficient ^N/q^Sb^ 

L force perpendicular to free stream; positive ^en acting 

upward 



yawing moment about lift axis; positive when nose tends to 
turn to ri^t 

wing area, 37.1 square feet 
tail area 

distance from center of gravity to rudder hinge line, 7.25 feet 

wing span, 14,27 feet 

height of verticsJ- tail 

chord of vertical teill or fuselage 

section noimauL— force coefficient 

section noimal— force coefficient on vortical tall or on 
fuseleige due to vertical tall 

noimal— force coefficient on vertical tail or on fuselage due 
to vertical tail (based on vertical-tall area) 

(Nt/aoSt) 

noimal force on vertical tail or on fuselage due to vertical 
tall 

angle of attack of fuselage reference liiie with respect to axis 
of wind tunnel, degrees 

angle of attack corrected for Jet-4joundary effects, degrees 

angle of yaw, degrees j positive when left wing is forward 

sldewash angle, degrees j positive when flow is from, right 
to letft when airplane is viewed from rear 

local dynamic pressure 

free-stream dynamic pressure 

spanwise position measured vertically from fuselage reference 
line, inches (see fig. 3) 
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rate of change of Cjj 
rate of change of 


vith ^ , per degree 
vith , per degree 


(dCuM) 

(dCnM) 


Suhscripts: 
t tail 


V ving 


MODEL AND TESTS 


The testa were conducted on a -^-scale model of a conventional 

low-wing fighter aii^lane. A three-view drawing showing the principal 
dimensions and areas is given as figure 1 and a photograph of the model 
mounted for testing is presented as figure 2. The most significant 
feature of the fuselage pertaining to this investigation is the great 
depth and wedge shape of the fuselage where the vertical tail is situated 
Some of the details of the airplane, such as cowl flaps, propeller, and 
landing gear, were not represented on the model and the vertical tail 
and stabilizer were made without control exirfaces. 


The vertical tail, details of •vdilch eire given in figure 3, was 
instrumented with surface pressure orifices distributed over both sides 
as shown in figvire 4. Orifices were also Installed in the rear part 
of the fuselage directly below the vertical tail. The horizontal tail 
(fig. 5 ) vas mounted in the three vertical positions shown in figure 3* 
For some tests, the horizontal tail was removed. Tail-off tests were 
made with both the horizontal and verticeLl tail surfaces removed. The 
vertical tail surface is defined as the part of the lateral area above 
the upper contoxir of the fuselage. (See fig. 3») 

The model was mounted on a single strut so that the only restraint 
about the vertical axis passing througli the support point was a 
cantilever spring tq>on ■vdiich were mounted electrical strain gages 
calibrated to meastcre the yawing tendency of the model. In addition 
six-component force measurements were obtained by means of the balance 
system of the Langley propeller-research tunnel. 

All tests were made with propeller removed at a tunnel airspeed of 
approximately 80 jnlles per hour, corresponding to a Rejmolds number 
of about 2 X 10° based on the mean wing chord. All- tests were made 
for a range of angle of yaw from 0° to 25 ° and a range of angle of 
attack from 0° to 15 °. 

|*QOSE-33DSIJTaAL^ 
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EESULTS 


In order to simplify the presentation of results, the angles of 
attack for all the figures and throu^out the text are \mcorrected for 
vind -tunnel Jet-homdary effect. The corrected angles of attack, together 
with the corresponding lift coefficients, are given in the following 
table for all conditions tested: 


a 

(deg) 

(deg) 

c 

L 

stabilizer 

on 

Stabilizer 

removed 

0 

-0.2 

0.l8 

0.16 

3 

2.7 

.37 

.34 

6 

5.5 

.57 

.52 

9 

8.3 

.76 

.70 

12 

11.2 

.96 

.89 

15 

14.0 

1.16 

1.07 


Pressures measured at the orifices on the vertical tail and 
fuselage were first plotted, in terms of the free-stream dynamic pressure, 
against the chordwise location. The areas enclosed by these curves from 
the leading edge to the trailing edge were mechanically integrated to 
give the section normal-force coefficient. The leading-edge limit for 
the integration of pressures on the fuselage was formed by the extension 
of the leading edge of the vertical tail through the fuselage as shown 
in figure b; the section normal-force coefficient of the fuselage is 
thus based on a fictitious chord extending from the end of the fuselage 
to this boundary. The use of this chord was Justified since the press\ires 
at orifices located forward of this boundary were not changed appreciably 
by the installation or the removal of the vertical tail. 

The fuselage section normal-force coefficients c^^ measured with 
the vertical tall and stabilizer off are shown in figure 6. Values 

difference in section normal -force coefficient with the 
vertical tail on and off, are shown plotted against spanwise position 
in figure 7 for all conditions tested. For the case of the tail surface, 
these values are measures of the total load; whereas for the fxiselage, 
these values are measures of the load induced on the fuselage by 
the vertical tail. For the low stabilizer position only the loading 
above the stabilizer was considered inasmuch as the load induced on the 
fuselage below the stabilizer was assumed to be negligibly small. 
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The net section normal-force coefficients c^^ were multiplied 
hy the local chord and plotted against the spanwise station to, give the 
normal -force load distribution along the tall and the fuselage due to 
the addition of the vertical tall. These load ciarves are separated into 
sections as determined by the fuselage line and the horizontal-tail 
position. (See fig. 3») The total load is thus interpreted as consisting 
of three parts: the load on the tail, the load on the fuselage above 

the stabilizer, and the load on the fuselage below the stabilizer. The 
areas under the load curves integrated between the specified boundaries 
are measures of the contributions of the component parts of the tail- 
fuselage combination to the total normal force due to the vertical tail; 
and since shifts in the position of the . center of pressure are ama n in 
comparison to the tail length, these integrated values may also be con- 
sidered proportional to the resulting yawing moment. Plots of the 
corresponding normal-force coefficients based on the area of the vertical 
tail stu:face, Cjj against the angle of yaw ♦ (fig. 8), show the con- 
tribution of the components of the tail-fuselage combination to the 
directional stability. The total yawing moment, and lateral force produced 
by the vertical tail, calctila ted from the total normal-force coefficients 
shown in figure 8, were found to be in fair agreement with those measured 
directly by means of the strain gages and the tunnel s^les. 

Since the normal-force coefficient Cjj is considered proportional 
' to the yawing-moment Cjj, the normal-force coefficient elope is 

similarly proportional to the directional-stability derivative 
The slope of the normal-force curve for a component part of the tail- 
fuselage combination is thus a direct measxire of the contribution of 
that part to the directional-stability derivative. The analysis in 
this paper is based on the average normal-force slope taken between 
i = 0° and 


DISCUSSION 


Throvi^out this paper the term "tail" is synonomous with the term 
"vertical tall" and is used to signify that part of the tall-ftiselage 
combination removed in the tail-off teste, as described in the 
section entitled '^DEL AND TESTS." A distinction is also made between 
the expression "contribution of the vertical tail surface, " \diich applies 
to the force acting on the vertical tail Itself, and the expression 
"total contribution of the vertical tail, " which applies to the total 
increment of force produced by the addition of the vertical tail. 
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Analysis of Experimental Results 

Contribution of vertical tail surface *- The normal-force slopes 
for components of the tail-fuselage combination obtained vrith the three 
stabilizer positions are shovn in figure 9 plotted against angle of 
attack. The variations of these slopes with stabilizer position are 
shovn in figure 10. 

The data in figures 9 aiid 10 shov that the stabilizer position has 
appreciable influence on the normal-force slope of the vertical tall 
surface. At a = 0° the slopes obtained vlth the stabilizer in all 
positions tested are greater than the elope obtained with the stabilizer 
removed. The increase in tall slope for a » 0° is attributable to the 
end-plate effect of the stabilizer. For the high-stabilizer position 
the Increase in slopes produced by the end-plate effect of the 
stabilizer is reduced to zero at an angle of attack of about. and as 
the angle of attack is Increased, the slope is progressively decreased 
below that obtained with the stabilizer removed. For the middle and low 
stabilizer positions, the increase in slope produced by the end-plate, 
effect is also reduced to zero, but at the much higher angle of attack 
of 11°. These resvilts indicate that at moderate and high angles of 
attack, the stabilizer has a detrimenteil effect on the tail effectiveness 
that outvel^s its favorable end -plate effect. This detrimental effect 
increases with angle of attack and is greatest with the stabilizer in 
the high position. 

The action in decreasing the contribution of the vertical tail 
svirface can be attributed to an asymmetrical loading of the stabilizer 
due to the asymmetrical downvash behind the yawed airplane. The vortex 
system associated with such a loading resxilts in a sidewash on the 
vertical tail that increases with angle of yaw and thus Influences the 
effectiveness of the vertical tail. Whether the sidewash so produced 
is stabilizing or destabilizing depends vcpon the nature of the asymmetrical 
loading; in the present case, the action is clearly destabllzing. This 
effect is expected to vary with angle; of attack, since its severity 
defends on the downwash asymmetry •vdiich is determined by the location 
of the stabilizer in the downwash patteni behind the wing. For the same 
reason, the effect would also vary with stabilizer position. This 
effect of the stabilizer is confined to small angles of yaw ■vdiere the 
slopes of the normal-force curves are measured. At hi^ angles of yaw 
the noimal -force coefficients are larger with stabilizer than without 
(flg» 8), ■vdiich indicates that the detrimental effect of the stabilizer 
is much less than its favorable end-plate effect. 

It appears then, that the. presence of the stabilizer introduces 
two separate effects that infliience the contribution of the vertical tail 
surface: the end-plate effect and the sidewash effect resulting from the 
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asymmetrical stabilizer loading. The end-plate effect is due solely to 
the interaction of vertical tail and stabilizer and is equivalent to 
an increase in the aspect ratio of the vertical tail. The sidevash 
effect is essentially independent of the presence of the vertical tail ' 
because the sidevash vould occur, in this region even though the vertical 
tail vere removed, and is properly treated in the same manner as the 
sidevash produced by the wing or fuselage or any other part of the 
airplane. 


Although the stabilizer affects the direction of air flow at the 
vertical tail, the general characteristics of the air flow are primarily 
determined by the wing and fuselage. For this reason, the tail normal- 
force cuinres for the different stabilizer configurations are found to 
have the same general character. For small angles of yaw, the tail 
normal -force curves of figure 8 show a decrease in slope which becomes 
more pronounced as the angle of attack is increased. This trend is in 
accord with the air-flow measurements made in reference 3 'vdiere at 
sma l l angles of yaw large losses in dynamic pressure resxilting from the 
wakes of the canopy and wing-fuselage Juncture were found to occvcr in the 
vicinity of the vertical tail. These losses increased with angle 
of attack because of the broadening of the wake but were less Important 
at the hi^er angles of yaw •vdiere the tail moved out of the wake. The 
fiiselage boundary layer reduces the dynamic pressure at the base of the 
vertical tail and therefore contributes to the Sharp drop in load at 
that point. (See fig. 7») 

The normal-force-coefficient slope for the tail can be expressed as 


% 


' 1 '^. 


\Aiere 




, \ “ g)(q/<io) 


is the normal-force-coefficient slope of the tall for 
o 


free-stream conditions (a - 0° and q = q ) and includes the end-plate 
effect of the stabilizer. Previous dlscuss^n shows that the factor 
d(i - g)(q/q^) 
dt 


is influenced by the stabilizer and varies with 


stabilizer position. The end -plate factor for the hi^- stabilizer posi- 
tion, calculated in table I on the basis of the corresponding air-flow 
measurements of reference 3> 'was l»k2 for an angle of attack of 0°. At 
intemediate angles of attack this value reduced to about 1.05 and then 
increased to a valxie of 1.48 at a = 15° (fig* H)* The reduction of 
the end-plate factor at the intermediate angles of attack is believed to 
be caused by the passage of the stabilizer through the wake .of the \ri.ng. 
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Contrl'bution of fuselage above stabilizer .- Tlie sp^-load c\irveB 
of figure 7 Bhov that the loading on the vertical tail decreases 
rapidly near the base of the vertical tail; the induced loading on the 
fiiselage also decreases, hut less rapidly, in going from the vertical- 
tail-fuselage Juncture to the stahillzer. The stabilizer generally has 
the effect of increasing the Intensity of load on the fiiselage above 
the stabilizer .over that existing with the stabilizer removed. The 
importance of the contribution of this part of the fuselage increases 
considerably as the stabilize* is moved down. (See fig. 10.) The 
contribution is only 5 percent of the total for the hi^-stabilizer 
position, but with the low- stabilizer position the contribution increases 
oq) to 20 percent of the total contribution of the vertical tail. 

The curves of normal -force coefficient (fig. 8) show that the 
loading on the fuselage above the stabilizer increases almost linearly 
with angle of yaw. The ctonres show a decreased slope at small angles 
of yaw, vdiich is similar to the behavior of the tail normal -force 
curves. This characteristic arises frcaa the same cause, that is, the 
influence of wake at small angles of yaw. The small decrease of the 
slopes with angle of attack is also parallel to the trends exhibited 
by the tail normal -force-coefficient curves. In these respects, this 
part of the ftiselage acts as a vertical-tail extension of reduced 
effectiveness. 

Contribution of fuselage below stabilizer .- With the stabilizer 
removed, the induced load on the fuselage decreases continuously from 
the vertical-tail-fuselage Juncttrre to the bottom of the fuselage., (See 
fig. 7(d).) With the stabilizer in place, the load on the fuselage 
decreases at a slower rate to the stabilizer. Across the stabilizer a 
sharp decrease in load occurs, and at hig^ angles of yaw the direction 
of the induced normal force on the fuselage below the stabilizer is 
reversed. (See figs. 7(a) and 7(1>).) The slopes of the curves of 
normal -force coefficient plotted against angle of yaw (fig. 8) are 
positive at small angles of yaw but become negative as the angle of 
yaw increases. The slopes of the curves tend to become more positive 
with increasing angle of attack, but at hi^er angles of yaw the charac- 
teristic trend remains an unstable one at all angles of attack. 

The contribution of the fuselage below the stabilizer is negligible 
at small angles of attack as shown in figures 9 snd 10. At high angles 
of attack the contribution of the fuselage becomes appreciable vdien the 
depth of the fuselage below the stabilizer is large. With the high 
stabilizer and at a = 15°, the contribution of this part of the fuselagg 
is over 20 percent of the total contribution of the vertical tail. 
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Comparison vlth Conventional Design Methods 

An examination of the methods of references 1 and 2 for predicting 
the increment in the directional stability produced by a vertical tail 
can nov be evaluated on the basis of the resiilts obtained in this 
■ investigation. The direct comparison betveen the measured results and 
those calculated are made only for the case of an angle of attack of 0°, 
since the facts brou^t out apply to all angles. 

Pass' method .- Calculations of the contribution of the vertical tail 
to the directional -stability derivatives by the method of reference 1 are 
presented in table II for the three stabiliser positions tested. The 
air-flov factor measured vlth the hi^ stabilizer in reference 3 vas 
applied to all stabilizer positions. Althou^ the results of this 
investigation indicated that this factor mi^t vary vith stabilizer 
position, its use for all positions is Justified in these calculations 
since in the analysis of reference 1, no distinction is made for this 
effect of the stabilizer. The results of the calculations are shovn 
plotted against stabilizer position in figure 12 in comparison vlth the 
experimental results. It is seen that the method of reference 1 leads 
to an overestimation that increases greatly as the stabilizer is moved 
dovn on the fuselage. 

The reasons for the discrepancies betveen the measured and calculated 
results are disclosed by a careful examination of the procedure and of the 
assumptions involved in the method. The vertical-tall area in reference 1, 
as shovn in the sketch on table H, is defined as the stmi of the exposed 
vertical -tail area and that part of the fuselage immediately above the 
stabilizer, and the tail hei^t is defined as the distance from the 
stabilizer to the tip of the vertical tail. The geometric aspect ratio 
of this plan form is then multiplied by a factor of 1.55 to account for 
the end-plate effect of the stabilizer. This aspect-ratio connection 
is almost the same as that found theoretically for the effective increase 
in aspect ratio of a vertical tail vith a stabilizer at its base 
(reference ^4-). Therefore, Pass implies that the load on the tail-fuselage 
combination is almost the same as the load on an isolated vertical tail 
and stabilizer. 

Theoretical load distributions for the isolated-tail configurations 
that apply to this model according to the method of reference 1 are 
shovn in figure I 3 for hi^-and lov-stabilizer positions. These curves 
vere determined from a series of load distributions derived theoretically 
in reference U for tails of elliptical plan form vith stabilizers at 
their bases and are roughly corrected for the variation of sidevash and 
dynamic pressure by multiplying the load along the span by the air-flov 
factor used in table II. Althou^ not exact, these .load curves are 
considered accurate enou^ for purposes of illustration. The measured 
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span-load distributions for the vertical tail surface and fuselage above 
the stabilizer are also shown in figure 13 . Since the loads are propor- 
tional to the angle of jaw, any differences in the areas under the measured 
and calculated curves are responsible for the differences in the measvired 
and ceilculated directional-stability derivatives. 

The most striking differences between the distributions of figure I3 
occur on the fuselage where the actual loading is much lower than the 
calculated loading \diich continues essentially undiminished to the 
stabilizer. The contribution of the fuselage is thus overestimated^ 
the error involved increases as the stabilizer is moved down. Another 
discrepancy, which also increases as the stabilizer is moved down, is the 
increased load on the tail itself which results from the increased 
geometric aspect ratio involved in the tail-area definition. 

Agreement can be obtained between the calculated and experimental 
results by suitable readjustments of the end -plate factor, that is, 
readjxxstments of the effective aspect ratio. Calculations of the 
aspect-ratio correction factor req.vd.red to give agreement showed that 
the factor would be about 1.00 for the high stabilizer and O.6O for the 
low stabilizer as compared to 1.55 used by Pass for both cases. The 
use of such factors, however, is regarded as unjustifiable because the 
significance of this aspect-ratio correction as an end-plate effect is 
totally lost. 

The previous discussion indicates that the use of the tail-area 
definition of reference 1 is generally Inconsistent with observed results. 
For airplane configurations with hi^ stabilizers, the induced loading 
on the fuselage above the stabilizer is not greatly different from that 
implied in the method, and with some modification of the end -plate factor, 
the method could give good results. It is pointed out, hoirever, that 
even in these cases, neglect of the fuselage below the stabilizer will 
lead to inaccurate results at hlf^ angles of attack. 

Lyons and Bisgood's method .- A recent method of vertical-tail design 
which involves a tail-area definition that includes all the fuselage area 
below the root chord of the vertical tail has been evolved by Lyons and 
Bisgood in reference 2. The calculations of the total effectiveness of 
the vertical tail according to this method are shown in table III. The 
results obtained are seen to be larger than the measured values (fig. 12). 

In order to analyze the reasons for the large differences between 
Uie results shown in figure 12, the calculated total contribution is 
divided into the separate contributions of tiie tail, the fuselage above 
tfie stabilizer, and the fuselage below the stabilizer. For coriparison 
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vith the measured values, the contrihutions are taken as the norma 1 -f or cse- 
coefficient slopes, based on the tail area Sj., and are determined as 
shovn in table IV by the relation 

O 

n _ 0 Component 

^Component ^Total ^otal 


This operation, althou^ not strictly valid, is adequate for purposes of 
illustration, since the treatment of the tail and fuselage as a single 
airfoil implies a distribution of normal force that is roughXy proportional 
to the areas involved. 

The comparison of calculated results vith the measured contributions 
of the components of the tail-fuselage combination is shovn in figure 1 U» 
The most striking discrepancy is seen to lie in the large over estimation 
of the contribution of the fuselage. Inclusion in the tail area of the 
fuselage belov the stabiliser, for •vdiich the contribution in the actual 
case vas found to be zero, leads to a large and entirely fictitioxis con- 
tribution. The calculated contributions of the ftiselage above the 
stabilizer, althou^ more in accordance vith the actual case, are still 
of questionable value due to an overestimation that increases greatly 
as the stabilizer is moved dovn, A design method based on a tail-area 
definition as enq>loyed in reference 2 cannot be expected, therefore, to 
give consistently accurate results. 


CONCLUSIONS 


The results of the wind-tunnel investigation of the contribution of 
a vertical tail to the directional stability of a filter-type airplane 
indicated that the stabilizer, apart from its favorable end-plate effect, 
had a large detrimental effect on the contribution of the vertical tail 
surface to the directional stability. This detrimental effect increased 
with angle of attack and was greatest with the stabilizer in the high 
position. The contribution of the fuselage at small angles of attack wsis 
supplied mainly by that part above the stabilizer. The inportance of the 
contribution of this part of the fuselage increased appreciably as the , . 
stabilizer was moved down. The contribution of the fuselage below the 
stabilizer was negligible at small angles of attack; at hi^ an^es. of 
attack, the contribution of the fuselage bocaaie appreciable when the 
depth of the fuselage below the stabilizer was large. 

Inasmuch as the induced load on the fuselage contributes appreciably 
to the total effectiveness of the vertical tail, current design methods 
generally attempt to account for this effect by Including a pert of the 
lateral area of the fuselage in this definition of the effective tail 


r\n/f^n r \ 
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area, A con5)ari8on of the test results with ^e8^^1t8 predicted hy current 
design methods hasecl on the concept of an effective tall area Indicates 
that such methods cannot accurately predict the contribution of a 
vertical tail to the directional stability for all airplane configurations 
and flight conditions. It appears that a more satisfactory method can 
be obtained by treating separately the contributions of the vertical tail, 
surface, the fuselage area above the stabilizer, and the fuselage area 
below the stabilizer. 


Langley Memorial Aeronautical Laboratory 

National • Advisory Committee for Aercaiautics 
Langley Field, Va. 
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TABES I.- CAECUIATIOHS OF END-PLATE 
FACTORS FOR VERTICAL TAIL 



Angle of attack, a, deg o • • • 

mm 

3 

6 

9 

12 

15 

Area, S^, sq.ft 

e.oU 

Tall hel^^it, h^, ft 

1.55 

Aspect ratio, A, • • • • 

l.l 8 

Measiired normal -force-coefficient 
slope for vertical tall surface 
(based on area S^) , C|j^ 

0.0385 

0.0330 

0.0280 

0.0255 

0.0235 


Alr-flov factor 

reference 3 at same lift 
coefficient) ' 

0.91^ 

0*92 

0.85 

0.76 

0.63 ' 

0.50 

Corrected nonnal-force-coefflclent 

slope ^ /Alr-flcxv 

factor V • . . -V, . ^ « 

O.OlflO 

0.0360 

0.0330 


0.0374 

0.0420 

Effective aspect ratio, A^ 

(from fig* 3 of reference 1 
with values of 

decreased 5 parent to 
account for absence of 
control surface gap •••••• 

1.68 

1 

1*22 

1.26 

1.46 

1.75 

End -plate factor «Ae/A.o*#* 

1.42 

1.16 

1.04 

1*07 

1.24 

1.48 




































NACA RM No. L7K03 


15 


TABLE li.- CALCULATION OF COHTRIBUriON OF VERTICAL 
TAIL TO DIRECTIONAL STABILm BT PASS ' 

METHOD OF REFEEIENCE 1 Fa - 0°] 



StaMllssr position 

Hiic^ 

Middle 

Low 

Area, sq ft 

2.41 

3.01 

3.61 

Tall height, h^, sq ft •••••• 

1.79 

2.13 

2.48 

Cteometrlc aspect ratio, A ■ h^/S^ • 

1.33 

1.51 

1.70 

Effective aspect ratio A^ = 1«55A • 

2.06 

2.34 

2.64 

Normal-force coefficient slope, 

reference 1 with values increased 
5 percent to account for absence 
of control surface gap) • » • • • 

0.0464 

0.0498 

0.0531 

Alr-flov factor, 

(from reference 3 ). •••••••• 

0.94 

0.94 

0.94 

Corrected normal-force-coefflclent 
slope = (%t)o 

factor). • • . • 

0.0436 

0.0469 

0.0500 

Contribution of vertical tall to 
directional stability. 

.-0 .00144 

-0.00193 

-0.00248 
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IM^Si^lEQL 

TABLE m.- CALCBLATIOH OF COHTRIBOTlOll OF TERTICAL TAIL 
TO MRECnOHAL STABILITY BT LYOHS ABB BISOOOB'S 
METHOD OF REFERENCE 2 [« - 0^ 


Stabilizer position 


I I 


Stabilizer poeltlon • 
Tall area, S^, sq f 
Tall hel^t, h^, ft 
Hel^t to Btablllzer, 


Hl^ Middle Low 


3.8U 


Trai ling-edge angle (approx#), deg 


Control gap site 


Tertical-tail taper ratio, mwvu 


Tip chord 


Slope a^ ■ Cjj^ for isolated three-dimensional 
stirface (fig* 10 of reference 2) * • • • • 


Fuselage hel^t, hf, ft 


Interference correction factor, ax*Al 

( f’lg • . 12 ( a ) of reference 2 , interrolated 
for low mldwlng) 

C«. - a •, per deg . 


Contrlbtttion of vertical tall to directional 

stability, n = — I'&.YiVc,. 


O.OU7I O0O506 0.0551 


0 .A 15 

0.U5 

O.A15 

0*66 


6 

0c66 

0.0311 


334 

0.036b 

-0.X16U 

-0.00175 

-0.00191 
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TABLE 17.- COHTRIBUPION OF COMPONEHTS OF TAIL-FUSELAGE 
COMBINATION AS IMPLIED BY REFERENCE 2 
(LYONS AND BISGOOD) 



Stabilizer position 

Hl^ 

Middle 

Low 

S^, tall az^a . 

2 » 0 k 

2.04 

2.04 

Sf^, fiiselage area above stabilizer * . 

0.37 

0.97 

1.57 

Sfg, fiiselage area below stabilizer . . 

1.43 

0.83 

iggH 


3.84 

3.84 

3.84 

Cjj^ (based on S total, table HI) « • 

0.0311 

0.0334 

0.0364 

Ci7 , based on area S^ 

rfc 

0.0585 

0.0629 

0.0685 

Contribution of vertical tall area, 

*^Ni|r » based on <u*ea S-^ .... 

t 

0.0311 

0.0334 

0.0364 

Contribution of fuselage area above 
stabilizer. Cm. » based on 
%f^ 

area S-(^ 

0.0056 

0.0159 

0.0280 

Contribution of fuselage area below 

stabilizer, Cw. , based on 
7fg 

area S-(^ 

0.0218 

0.0136 

0.0041 
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Figure I Three-\/iew drawing of the -^-scale model of o co/v/eot/onal 

bvj-wng fighter aitpIcLne. (AU dime.nsion^ given in inches.) 



<«Ne£A$SinEB 
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Figure 2.- Photograph of scale model of conventional low -wing fighter 

airplane mounted in Langley propeller -research tunnel. Stabilizer in 
low position. 
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FussLAec Line 


HORIZONTAL- 
TAIL POSITION 
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Figure ^ . - Orifice disfribufion on each side of vetflcal ta,U ard 
fuseioqe. {AH dimensions given in inches.) 


secr/o/v spAjvwise pos/r/on/, g - 
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f^fgur e Sy- Sketch shov\iinq deta.Us c/ hotj-z-onta.! ta.il in high fiositio 
fflU ^d/mens/ons given in inches.) ' 
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(d) Horizontal fail re. 
yure 7 .-Conduded^ 
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• Ar\gle of yow, [fj, deg Angleof tjov^, ifj.deg Ang/e of yow, (fj, deg 

(c) Hcrizonfa! - fail posiiion ^ low. 

Figure S- — Continued. > 
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^ddofS 3yjo^-jDLujof\j 



F7guf~e 9,— Variation of normal-force slope angle of attack, for components of the 

. fall-fuselage combination. 







Normal- force slope, Normah force slope- 
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Figure lO."^ Variation of norm ah force slope w/tP staPilizei 
tail- fuselage combination , Short dash on ricjhf 
x/olIu^ obtained u/ilh Ihe. hohzorta i toil tetoou^d. 










NACA RM No. L7K03 


39 



9^o/cf-pu^ 


$ 




t 

.<i 

I 

I 


I 


ar)g!e of a ttacK for vertic<cii fail v\/ifh high 
stabilizer position. 
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Distance of stabilizer beJoi^ 


the fuse/age i/ne;, ft 


Figure /2. — Comparison of the 

me asured stabi/ity derivatives 
r//fi? those caiculafed by 
Pass' rn&thod (reference /) 
and Lyons and 3 isgoodh 
method (reference Z). 
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Measured load disiribufions \ 
• I High stabilizer — i 
Low stabilizer \ / J 


\Load dishibutions 
implied in Pass* 
method i 

A — High stabilizer 
J — Low stabilizer 



s: 

^ A 

^ 0 



0 Z d- £ .6 


Fuselage line 


VI I 

XHiah stabilizer 



Low stabilizer 


1.0 U 1.4 L6 


Figure !3 .- Comparison of the measured load distributions 

with those ^Jmplied in Pass* method. OC=0‘’‘ip =IS". 
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L Ljbns dnci 3i5g.ood (reference z) 
Measured 


M'MFKD 



f~/gure Companson of the rneasured component 
contributions ^ith those calculated 
as implied in the me thod of L (jons and 
Bisgood (reference Z). 



